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Field of application off the Invention 

The Invention relates to novel 6-phenylphenanthridines, which are used In the pharmaceutical industry 
for the production of pharmaceutical compositions. 

Known technical background 

The international applications WO 97/28131 (= USP 6,191.138), WO 97/35854 (= USP 6.127,378). WO 
99/05113 (= USP 6.121.279). WO99/05111 (= USP 6.410,551). WO 00/42018, WO 00/42020. WO 
02/05616 and WO 02/06238 describe 6-phenylphenanthridines as PDE4 inhibitors. 

Description of the Invention 

It has now been found that the novel 6-phenylphenanthridines, which are described in greater detail 
below and differ from the previously known 6-phenylphenanthrldines by unanticipated and sophisticated 
substitution patterns on the 6-phenyi ring, have surprising and particularly advantageous properties. 

The invention thus relates to compounds of the formula I, 



in which 

R1 is hydroxy!, 1 -4C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalky)methoxy or completely 
or predominantly fluorine-substituted 1-4C-alkoxy, 

R2 is hydroxyl, 1-4C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy or completely or predomi- 
nantly fluorine-substituted 1-4C-alkoxy, 

or in which R1 and R2 together are a 1-2C-alkytenedioxy group, 

R3 is hydrogen or 1-4C-alkyl, 

R31 is hydrogen or 1 -4C-aikyl. 



R2 



R1 




R7 
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or In which R3 and R31 together are a 1-4C-alkylene group, 
R4 Is hydrogen or 1-4C-alkyl, 
R5 Is hydrogen, 
R51 Is hydrogen, 

or In which R5 and R51 together represent an additional bond, 

R6 Is hydrogen, halogen, nitro, 1-4C-alkyl, trifluoromethyl or 1-4C-alkoxy, 

R7 Is 1-4C-alkyl, 3-7C-cycloalkyl, 3-7C-cycloalkylmethyl, pyrldinyl, phenyl or R71- and/or R72- 

substituted phenyl, wherein 
R71 Is halogen, hydroxyl, cyano, trifluoromethyl, carboxyl, nitro, 1-4C-alkyl or 1-4C-alkoxy, 
R72 is 1 -4C-alkoxy, 1 -4C-alkyl or halogen, 

R8 is hydrogen, phenyl, 1-4C-alkyt, aryloxy-2-4C-alkyl or R9-substltuted 1-4C-alkyl, wherein 
aryloxy Is phenoxy or R81 -substituted phenoxy, wherein 
R81 Is halogen or trifluoromethyl, 

R9 is phenyl, C(0)N(R91 )R92 or R93-substltuted phenyl, wherein 
R91 Is phenyl, aryl-1 -4C-aIkyl or R91 1 -substituted phenyl, wherein 
aryl is phenyl or R81 -substituted phenyl, 

R91 1 is 1 -4C-alkoxy or completely or predominantly fluorine-substituted 1 -4C-alkoxy, 
R92 is hydrogen, 

or wherein R91 and R92, together and including the nitrogen atom to which both are bound, represent a 
1-pyrrolidinyl, 1-piperidlnyl, 1-piperazinyl, 4-methylpiperazin-1-yl f 4-phenylpiperazin-1-yl, 1- 
hexahydroazeplnyl or 4-morpholinyt radical, 

R93 is nitro, 1-4C-alkyl, 1-4C-alkoxycarbonyl, halogen, trifluoromethyl, 1-4C-alkoxy or completely or 
predominantly fluorine-substituted 1-4C-alkoxy, 

and the salts and the E/Z Isomers of these compounds. 

1-4C-Alkyl represents a straight-chain or branched alkyl radical having 1 to 4 carbon atoms. Examples 
which maybe mentioned are the butyl, isobutyl, sec-butyl, tert-butyl, propyl, Isopropyl and preferably the 
ethyl and methyl radicals. 

1-4C-Alkoxy represents radicals which, In addittorfto the oxygen atom, contain ajstraigbtrchain cr branV 
ched alkyl radical having 1 to 4 carbon atoms. Examples which may be mentioned are the butoxy, 
isobutoxy, sec-butoxy, tert-buto):y, propo:^, isopropoxy and preferably the ethoxy and method radicals. 
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. As completely or predominantly fluorine-substituted 1-4C-alkoxy, for example, the 2,2,3,3,3-pentafluoro- 
propoxy, the perfluoroethoxy, the 1,2,2-trifluoroethoxy, In particular the 1,1,2,2-tetrafluoroethoxy, the 
2,2,2-trifluoroethoxy, the trlfluoromethoxy and preferably the dlfluoromethoxy radicals may be men- 
tioned. •Predominant!/ in this connection means that more than half of the hydrogen atoms of the 1- 
4C-alkoxy radicals are replaced by fluorine atoms. 

1-2C-Alkylenedloxy represents, for example, the methylenedloxy [-O-CH2-O-] and the ethylenedioxy 
[-O-CHrCHa-O-] radicals. 

If R3 and R31 together have the meaning 1-4C-alkyiene, the positions 1 and 4 In compounds of the 
formula I are linked to one another by a 1-4C-alkylene bridge, 1-4C-aikyIene representing straight-chain 
or branched alkylene radicals having 1 to 4 carbon atoms. Examples which may be mentioned are the 
radicals methylene [-CHy]. ethylene [-CHrCH r l, tilmethylene l-CHa-CH^Hr-], 1,2-dlmethylethylene 
[-CH(CH 3 )-CH(CH 3 )-J and isopropylidene [-C(CH 3 >2-]. 

3-7C-CycloaIkyl represents cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl, of which 
cyclopropyl, cyclobutyl and cyclopentyl are preferred. 

3-7C-Cycloalkylmethyl represents a methyl radical which is substituted by one of the abovementioned 
3-7C-cycloalkyl radicals. Preferably, the 3-5C-cycloalkylmethyl radicals cyclopropylmethyl, cyclobutyl- 
methyl and cyclopentylmethyl may be mentioned. 

1-4C-AIkoxycarbonyi represents a carbonyl group to which one of the abovementioned 1-4C-alkoxy 
radicals Is bonded. Examples which may be mentioned are the methoxycarbonyl [CH 3 0-C(OH and the 
ethoxycarbonyi [CH 3 CH 2 0-C(0)-] radicals. 

R9-substituted 1-4C-alkyl represents one of the abovementioned 1-4C-alkyl radicals, which is substi- 
tuted by one of the radicals represented by R9. Examples which may be mentioned are the R9- 
substituted ethyl radicals and, preferably, the R9-substituted methyl radicals. 

Aryl represents a phenyl or a R81 -substituted phenyl radical. 

AryM -4C-alkyl represents one of the abovementioned 1-4C-alkyl radicals, which is substituted by one 
of the abovementioned aryl radicals. Examples which may be mentioned are the arylethyl and the aryl- 
methyl radicals. 

Aryloxy represents a phenoxy or a R81 -substituted phenoxy radical. 

Aryloxy-2-4C-alkyl represents a 2-4C-alkyl radical, which is substituted by one of the abovementioned 
aryloxy radicals. Preferably, the 2-aryloxyethyl radical is to be mentioned. * 
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Halogen within the meaning of the Invention Is bromine, chlorine or fluorine. 

Pyridinyl within the meaning of the Invention is pyrtdln-2-yl, pyrtdln-3-yl or pyrldin-4-yt. 

The substltuents R6 and -C(R7)=N-0-R8 of compounds of the formula I can be attached In the ortho, 
meta or para position with respect to the binding position in which the 6-phenyl ring is bonded to the 
phenanthridine ring system. Preference is given to compounds of the formula I, in which R6 is hydrogen 
and -C(R7)=N-0-R8 is attached in the meta or in the para position. 

The person skilled in the art knows that compounds comprising a non-ring ON double bond can exist 
in two stereoisomer^ forms denoted according common practice In stereochemistry as Z/E Isomers. 
With respect to the oxime ON double bond, the invention thus relates to any of the possible Z/E iso- 
mers and mixtures thereof. 

Possible salts for compounds of the formula I -depending on substitution- are all acid addition salts or 
all salts with bases. Particular mention may be made of the pharmacologically tolerable salts of the 
inorganic and organic acids and bases customarily used in pharmacy. Those suitable are, on the one 
hand, water-soluble and water-insoluble acid addition salts with adds such as, for example, hydrochlo- 
ric acid, hydrobromic acid, phosphoric acid, nitric acid, sulfuric acid, acetic acid, citric acid, D-gluconic 
acid, benzoic acid, 2-(4-hydroxybenzoyl)benzoic acid, butyric acid, sutfosallcylic acid, maleic acid, lauric 
acid, malic add, fumaric acid, succinic acid, oxalic acid, tartaric acid, embonic acid, stearic acid, tolue- 
nesulfonic acid, methanesulfonic acid or 3-hydroxy-2-naphthoic acid, it being possible to employ the 
adds in salt preparation - depending on whether a mono- or polybasic acid is concerned and depending 
on which salt is desired - in an equimolar quantitative ratio or one differing therefrom. 

On the other hand, salts with bases are also suitable. Examples of salts with bases which may be men- 
tioned are alkali metal (lithium, sodium, potassium) or calcium, aluminum, magnesium, titanium, am- 
monium, meglumine or guanidinium salts, where here too the bases are employed in salt preparation in 
an equimolar quantitative ratio or one differing therefrom. 

Pharmacologically intolerable salts which can initially be obtained, for example, as process products in 
the ©reparation of the compounds according to tha invention on aaJnckJstrial scala araxonveriedinio 
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Compounds of the formula I to be emphasized are those in which 

R1 is 1-2C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy 0 r completely 
or predominantly fluorine-substituted 1-20a)koxy, 

R2 is 1-2C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cydoalkylmethoxy or completely or predominanUy fluo- 
rine-substituted 1-2C-alkoxy, 

R3 Is hydrogen, 

R31 is hydrogen, 

R4 is hydrogen or 1 -2C-alkyl, 

R5 is hydrogen, 

R51 is hydrogen, 

or In which R5 and R51 together represent an additional bond, 

R6 is hydrogen, 

R7 is 1 -4C-alkyl or phenyl, 

R8 is hydrogen, phenyl, 1-4C-alkyl, ary1oxy-2-4C-alkyl or R9-substituted 1-2C-alkyl, wherein 
aryloxy is phenoxy or R81 -substituted phenoxy, wherein 
R81 is halogen or trifluoromethyl, 

R9 Is phenyl, C(0)N(R91 )R92 or R93-substituted phenyl, wherein 
R91 is aryl-1-2C-alkyl or R91 1 -substituted phenyl, wherein 
aryl Is phenyl or R81 -substituted phenyl, 

R91 1 is 1 -4C-alkoxy or completely or predominantly fluorine-substituted 1 -2C-alkoxy, 
R92 is hydrogen, 

or wherein R91 and R92, together and including the nitrogen atom to which both are bound, represent a 
4-methylpiperazin-1 -yl, 4-phenylpiperazin-1 -yl or 4-morpholinyl radical, 

R93 is nitro, 1-4C-alkpxycarbonyl, halogen, trifluoromethyl, 1-4C-alkoxy or completely or predomi- 
nantly fluorine-substituted 1-2C-alkoxy, 

and the salts and the E/Z isomers of these compounds. 

Compounds of the formula I to be more emphasized are those in which 
R1 is methoxy, 
R2 is methoxy, 

R3, R31, R4, R5 and R51 are hydrogen, 

R6 Is hydrogen, 

R7 is 1 -2C-alkyl or phenyl, 

R8 is hydrogen, phenyl, methyl, ethyl, isobutyl, aryloxyethyl or R9-substltuted methyl, wherein 
aryloxy is phenoxy or R81 -substituted phenoxy, wherein 
R81 is trifluoromethyl, 

R9 is phenyl, C(0)N(R91 )R92 or R93-substituted phenyl, wherein 
R91 is arylmethyl or R91 1 -substituted phenyl, wherein 
aryl is chlorine-substituted phenyl, 
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R911 is methoxy, 
R02 Is hydrogen, 

or wherein R91 and R92, together and including the nitrogen atom to which both are bound, represent a 

4-phenylpiperazln-1-yl or 4-morpholinyl radical, 
R93 Is nltro, methoxycarbonyl, chloro, fluoro, trifluoromethyl or methoxy, 
and the salts and the E/Z isomers of these compounds. 

Compounds of the formula I to be in particular emphasized are those in which 
either 

R1 Is methoxy, 
R2 is methoxy, 

R3, R31 , R4, R5 and R51 are hydrogen, 
R6 is hydrogen, 
R7 ( Is methyl, 

R8 Is hydrogen, phenyl, methyl, ethyl, Isobutyl, phenoxyethyl, 3-trifluo/omethyiphenoxyethyl or R9- 

substituted methyl, wherein 
R9 is phenyl, 4-nitrophenyl, 4-methoxycarbonylphenyl, 4-chlorophenyl, 3-chlorophenyl, 2- 

chlorophenyl, 4-fluorophenyl, 3-fluorophenyl, 4-trifluoromethytphenyl, 3-trifiuoromethylphenyl, 4- 

methoxyphenyl, 2-methoxyphenyt or C(0)N(R91)R92, wherein 
R91 is 2-methoxyphenyl or 4-chlorobenzyl, 
R92 is hydrogen, 

or wherein R91 and R92, together and including the nitrogen atom to which both are bound, represent a 
4-phenytpiperazin-1-yl or 4-morpholinyl radical; 

or 

R1 is methoxy, 
R2 is methoxy, 

R3, R31, R4, R5 and R51 are hydrogen, 
R6 is hydrogen, 
R7 is phenyl, 
R8 is hydrogen; 

and the salts and the E/Z isomers of these compounds. 

A ip-cia! vzmbcdinnrnt of the compounds of ths prazent invention include ihc-sa com pounce or the for- 
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Still a further special embodiment of the compounds of the present Invention Include those compounds 
of the formula I In which R1 and R2 are 1-2C-a1koxy and R3, R31 , R4 f R5. R51 and R6 are hydrogen 
and R7 is methyl. 

Still a further special embodiment of the compounds of the present invention include those compounds 
of the formula I In which R1 and R2 are 1-2C-alkoxy and R3, R31, R4, R5, R51 and R6 are hydrogen 
and R7 Is phenyl. 

The compounds of the formula I are chlral compounds having chiral centers at least in positions 4a and 
10b and, depending on the meaning of the substituents R3, R31 , R4, R5 and R51 , further chiral centers 
in the positions 1 , 2, 3 .and 4. 



Numbering: 




The invention therefore comprises all conceivable stereoisomers in pure form as well as in any mixing 
ratio. 

Preferred compounds of the formula I are those in which the hydrogen atoms in positions 4a and 10b 
are in the cis position relative to one another. The pure cis diastereomers, the pure cis enantlomers and 
their mixtures in any mixing ratio and Including the racemates are more preferred in this context. Par- 
ticularly preferred in this connection are those compounds of the formula I which have, with respect to 
the positions 4a and 10b ( the same configuration as shown in the formula I*: 
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If, for example in compounds of the formula I* R3, R31, R4, R5 and R51 have the meaning hydrogen, 
then the configuration - according the rules of Cahn, Ingold and Prelog - is R in the position 4a and R 
in the position 10b. 

The enantiomers can be separated in a manner known per se (for example by preparation and separa- 
tion of appropriate diastereoisomeric compounds). For example, an enantiomer separation can be car- 
ried out at the stage of the starting compounds of the formula V In which R1 , R2, R3, R31 , R4, R5 and 
R51 have the meanings indicated above. 




00 



Separation of the enantiomers can be carried out, for example, by means of salt formation of the race- 
mic compounds of the.formula.V with optically. active.acids r preferably carboxyiic acids, subsequent 
resolution of the salts and release of the desired compound from the salt Examples of optically active 
carboxyiic acids which may be mentioned in this connection are the enantiomeric forms of mandelic 
Gdd, tartaric cc;d f C.G'-dlbanzGyliartariC acid, ^i Lipnui ic _^ia T ,iJuinici.acid, glutamic acid, maiic acid, 
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The compounds according to the Invention can be prepared, for example, as described In the following 
examples according to the subsequently specified reaction steps shown In reaction schemes 1 and 2. 



Reaction scheme 1 




Reaction scheme 1 shows by way of example two alternative synthesis routes for compounds of the 
formula I, In which R1 , R2, R3, R31 , R4, R5 t R51 , R6, R7 and R8 have the meanings Indicated above, 
starting from keto compounds of the formula II, In which Rt, R2, R3, R31 , R4, R5, R51 , R6 and R7 
have the meanings indicated above. 

One the one hand, said compounds of the formula I are accessible by oxlme formation reaction of said 
compounds of the formula II with compounds of the formula III, in which R8 has the said meaning. Said 
reaction, can be carried out, for example, as described In the following examples or in a manner known 
to one of ordinary skill in the art. 

On the other hand, said compounds of the formula I can be also obtained in a two step procedure start- 
ing from said compounds of the formula II: Firstly, compounds of the formula II are converted with 
hydroxylamlne into corresponding compounds of the formula I la and then, compounds of the formula 
Ha obtained are reacted with compounds of the formula Ilia, in which R8 has the meanings indicated 
above and X represents a suitable leaving group, to obtain desired compounds of the formula I. Both of 
this reactions can be carried out as known to the person skilled in the art. 
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Compound8 of the formula III are either commercially available or can be prepared In an art-known 
manner. 

Compounds of the formula Ilia are known or can be prepared according to known procedures. 

Compounds of the formula II, In which R1 , R2, R3, R31 , R4 ( R5, R51 , R6 and R7 have the meanings 
indicated above, are either known from the international application WO00/42020 or can be prepared 
similarly or analogously as described herein. Preferably, however, compounds of the formula II are 
obtained according to those procedures given by way of example in the following examples. For greater 
detail, a suitable synthesis route for compounds of the formula II is outlined in reaction scheme 2 below. 
In the first step of said reaction scheme 2 compounds of the formula V, in which R1 , R2, R3 t R31 , R4, 
R5 and R51 have the meanings given above, are reacted with compounds of the formula VI, in which 
R6 and R7 have the meanings given above and X represents a suitable leaving group, preferably a 
chlorine atom, to give compounds of the formula IV, in which R1 , R2, R3, R31 , R4, R5, R51 , R6 and R7 
have the abovementioned meanings. 

Alternatively, compounds of the formula IV, in which R1 , R2, R3, R31 , R4, R5, R51 , R6 and R7 have 
the meanings given above, can also be prepared, for example, from compounds of the formula V, in 
which R1 , R2, R3, R31 , R4, R5 and R51 have the abovementioned meanings, and compounds of the 
formula VI, in which R6 and R7 have the abovementioned meanings and X is hydroxy), by reaction with 
amide bond linking reagents known to the person skilled in the art. Exemplary amide bond linking re- 
agents known to the person skilled In the art which may be mentioned are, for example, the carbodiim- 
Ides (e.g. dicyclohexylcarbodilmide or, preferably, 1-ethyI-3-{3-dimethylaminopropyl)carbodiimide hy- 
drochloride), azodicarboxyllc acid derivatives (e.g. diethyl azodicarboxylate), uronium salts [e.g. O- 
(benzotrlazoH-yl)-N,N,N , ,N , -tetramethyluronium tetrafluoroborate or 0-(benzotriazol-1yl)-N l N,N^N , - 
tetramthyl-uronium-hexafluorophosphate] and N,N'-carbonyldiimidazole. In the scope of this invention 
preferred amide bond linking reagents are uronium salts and, particularly, carbodiimides, preferably, 1- 
ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride. 

Compounds of the formula VI, wherein R6 and R7 have the abovementioned meanings, are either 
known or can be prepared in a Icnown manner. 



113SEPORD01 2003-07 03 




As shown in the next step within reaction scheme 2, compounds of the formula II, in which R1 , R2, R3, 
R31, R4, R5, R51, R6 and R7 have the meanings indicated above, can be obtained by cyclocondensa- 
tion of corresponding compounds of the formula IV. Said cyclocondensation reaction is carried out in a 
manner habitual perse to the person skilled in the art or as described by way of example in the follow- 
ing examples, according to Bischler-Napieralski (e.g. as described in J. Chem. Soc, 1966, 4280-4282) 
in the presence of a suitable condensing agent, such as, for example, polyphosphoric acid, phosphorus 
pentachloride, phosphorus pentoxide or phosphorus oxychioride, in a suitable inert solvent, e.g. in a 
chlorinated hydrocarbon such as chloroform, or in a cyclic hydrocarbon such as toluene or xylene, or 
another inert solvent such as acetonitrile, or without further solvent using an excess of condensing 
agent, at reduced temperature, or at room temperature, or at elevated temperature or at the boiling 
temperature of the solvent or condensing agent used. 

The preparation of pure enantiomeres of starting compounds of the formula V is predescribed, for ex- 
ample in the international application WO00/42020 or the preparation can be carried out according to 
the following examples. 

It is moreover known to the person skilled in the art that if there are a number of reactive centers on a 
starting or intermediate compound It may be necessary to block one or more reactive centers temporar- 
ily by protective groups in order to allow a reaction to proceed specifically at the desired reaction center. 



1136EPORD01 200347 03 

-12- 

A detailed description for the use of a large number of proven protective groups is found, for example, 
In •Protective Groups In Organic Synthesis* by T. Greene and P. Wuts (John Wiley & Sons, Inc. 1999, 
3* Ed.) or In "Protecting Groups (Thleme Foundations Organic Chemistry Series N Group" by P. Ko- 
cienski (Thleme Medical Publishers, 2000). 

The Isolation and purification of the substances according to the invention Is carried out in a manner 
known per se, e.g. by distilling off the solvent in vacuo and recrystalllzing the resulting residue from a 
suitable solvent or subjecting it to one of the customary purification methods, such as, for example, 
column chromatography on suitable support material. 

Salts are obtained by dissolving the free compound in a suitable solvent (e.g. a ketone, such as ace- 
tone, methyl ethyl ketone or methyl isobutyl ketone, an ether, such as diethyl ether, tetrahydrofuran or 
dioxane, a chlorinated hydrocarbon, such as methylene chloride or chloroform, or a low molecular 
weight aliphatic alcohol such as ethanol or isopropanol) which contains the desired acid or base, or to 
which the desired acid or base is then added. The salts are obtained by filtering, reprecipitating, precipi- 
tating with a nonsolvent for the addition salt or by evaporating the solvent. Salts obtained can be con- 
verted by alkalization or by acidification into the free compounds, which in turn can be converted into 
salts. In this way, pharmacologically intolerable salts can be converted into pharmacologically tolerable 
salts. 

Optionally, compounds of the formula I can be converted into their salts, or, optionally, salts of the com- 
pounds of the formula I can be converted into the free compounds. 

The person skilled in the art knows on the basis of his/her knowledge and on the basis of those synthe- 
sis routes, which are shown and described within the description of this invention, how to find other 
possible synthesis routes for compounds of the formula I. All these other possible synthesis routes are 
also part of this invention. 

The following examples serve to illustrate the invention in greater detail without restricting it. Likewise, 
further compounds of the formula I. whose^ preparation is not explicitly described, canralso be prepared 
in air analogous manner or in a manner familiar per se to the person skilled in the art using customary 

process, techniques. 
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Bamalaa 

Final products: 

1. 1^(4aR,10bR)-8,9-Dlmethoxy-1,2,3^^a,10b-hexahydrophonanthridln-0^l)-phonyIl- 
ethanone oxime 

200 mg of (4aR,10bR)^,9Kllmethoxy-6-(4-acetophenyl)-1,2,3.4,4a,10 (com- 
pound A1) and 300 mg of sodium hydrogencarbonate are suspended in 5 ml of ethanol, treated with 
230 mg of hydroxylamine hydrochloride and stirred for 1,5 h at room temperature. The reaction mixture 
is filtered, the filtrate concentrated and the residue chromatographed on silica gel (petroleum ether/ethyl 
acetate/triethylamlne 6:3:1 ). 72 mg of the title compound are obtained. M. p. 189-192 °C. 
MS: calc: C» Ha, N a 0 3 (378,48) fnd.: IM+1] 379,2 

Starting from the appropriate starting compounds A1 or A2 or A3 or A4 described below, the following 
compounds are obtained in analogy to the procedure as in Example 1 using appropriately O- 
substituted hydroxylamines as reaction partners. 

2. 1 -I4-((4aR,10bR)-8,9-Dimethoxy-1 ,2,3,4,4a,1 Ob-hexahyd rophenanthrldln-6-yl)-phenyl]-1 - 
phenyl-methanone oxime 

MS: calc: C*, Ha, N 2 O3 (440,55) fnd.: (M+1) 441,3 

3. l-£4-((4aR,10bR)-8,9-Dimethoxy-1,2 > 3^/la,10b-hexahydrophenanthrldln-6-yl)-phenyll- 
ethanone O-methyloxIme 

MS: calc: C24 Ha» N 2 Oj (392,5) fnd.:[M+1] 393,2 

4. 1-[4-{(4aR,10bR)-8,9-Dlmethoxy-1,2,3A^ 
ethanone O-benzyloxIme 

MS: calc: C30 H M N 2 0 3 (468,6) fnd.: [M+1] 469.2 

5. l^4-((4aR,10bR)-8,9-Dimethoxy-1,2,3,4/la f 10b-hexahydrophenanthridln-6-yl)-phenyll- 
ethanone 0-(4-nitrobenzyl)-oxime 

MS: calc: Ca, H 3i N 3 O a (513.6) fnd.: [M+1] 514,2 

6. i-[4-((4aR,10bR)-8,9-Dlmethoxy-1,2,3,4,4a,10b-hexahydrophenanthridln-6-yl)- 
phenyQethanone O-ethyloxime 

MS: calc: C23 H M N 2 O a (406,53) fnd.: [M+1] 407,2 
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7. 1-[4-<(4aR > 10bR>-8 l 9-Dlmethoxy.1,2,3 ( 4,4a,10b-hexahydrophenanthridln-6-yl)- 
phenyQethanone O-phenyloxime 

MS: calc: C M H30 N 2 O a (454,57) fnd.:(M+1] 455,0 

8. 1-[4-<(4aR ( 10bR)-8 l 9-Dlmethoxy-1,2 l 3,4^a,10b-hexahydrophonanthrldln-6-yl).phenyl]- 
othanone O-Isobutyloxlme 

MS: calc: C27 H34 N 2 0 3 (434,58) fnd.:(M+1] 435,2 

9. 4-{1-{4-((4aR,10bR)-8,9-Dlmethoxy-1,2,3,4,4a l 10b-hexahydrophenanthrldln-6-yl). 
phenyQethylldeneaminooxymethyQ-benzoIc acid methyl aster 

MS: calc: C32 H34 N 2 O s (526.64) fnd.:[M+1] 527,3 

10. 2-{1-[4-((4aR,10bR)-8,9-DlmeUioxy-1 I 2,3,4,4a,10b-hexahydrophonanthridln-6-yl>- 
phenyQethylideneamlnooxy}-1-(4-phenylpiperazln-1-yl)-ethanone 

MS: calc: C35 H40 N 4 O4 (580,73) fnd.:[M+1l 581,3 

11. 2-(1-t4-((4aR,10bR)-8,9-Dlmethoxy-1 > 2,3 ) 4,4a,10b-hexahydrophenanthridln-6-yl)- 
phenyQethylldeneaminooxy}-N-(2-methoxyphenyl)-acetamide 

MS: calc: C 32 H35 N 3 O s (541 ,65) fnd.: [M+1] 542,3 

12. N-(4-Chlorobenzyl)-2-{1-[4-((4aR,10bR)-8,9^Ilmethoxy-1,2,3,4,4a,10b-hexahydrophe- 
nanthridin-6-yl)-phenyQ-ethylldeneaminooxy}-acetamlde 

MS: calc: C32 H34 CI N 3 O4 (560.1) fnd.:(M+1] 560,3 

13. 1-[4-{(4aR,10bR)-8,9-Dimethoxy-1,2,3,4,4a,10b-hexahydrophenanthridin-6-yl)-phenyl]- 
ethanone 0-(3-chloro-benzyl)-oxime 

MS: calc: Cm H 3i CI N 2 Q 3 (503.05) fhd.: JM+11 503,2 



14. 

MS: 



1-[4-((4aR,10bR)-8,9-Dimethoxy-1,2,3,4,4a,10b-hexahydrophenanihridin-6-yl)-phenylj- 
efhanone 0-(3-trifIuoromethylbenzyl)-oxims 

calc: Cs! H 3 i F 3 N 2 Q 3 (536,6) fnd.: [M+IJ 537.2 
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17. 144-<(4aR,10bR)-8,9-Dlm«thoxy-1,2^ 
ethanone 0-(3-fluorobenzyl)-oxime 

MS: calc: C30 H 31 F N 2 Oa (486,59) fnd.: [M+1] 487.2 

18. l^4-((4aR,10bR)-8,8-Dlmett»©xy-1^^ 
ethanone 0-(2-chlorobenzyl)-oxlme 

MS: calc: Cao Ha, CI N 2 O a (503,05) fnd.: [M+1] 503,2 

10. l-[4-<(4*IV0bR)-8,9-Dlmethoxy-^^^ 
ethanone 0-(2-phenoxyethyl)-oxlme 

MS: calc: C31 Ha« N 2 0 4 (498.63) fnd.: [M+1] 499,2 

20. i^4-((4aR,10bR)-8,9-Dlmethoxy-1^^,4/la,10b-hoxahydrophenanthridln-0-yl)-phenyll- 
ethanoneO-p-(3-trifluoromethylphenoxy)-ethyq-oxime 

MS: calc: C* H* F 3 N 2 O4 (566,63) fnd.: [M+1] 567,2 

21. l^4-((4aR,10bRH.0-Dlni etBo xy-1» 2 » 3 «^ 
ethanone 0-(44rlfluoromethylbenzylH>xlme 

MS: calc: 031^^3^03(536,6) fnd.: [M+1] 537,2 

22. i-[4-((4aR,10bRM,9-Dlmethoxy-1,2,3^^a,10b-hexahydroph©nanthridln-6-yl)-phenyll- 
ethanone 0-(4-chlorobenzyl)-oxlme 

MS: calc: C30 H 31 CI N 2 O a (503,05) fnd.: (M+1] 503,2 

23. i-[4^(4aR,10bR)-8,9-D!methoxy-1,2,3^/4a,10b-hexahydrophenanthridin-6-yl)-phenyrj- 
ethanone 0-(4-methoxybenzyl)-oxlme 

MS: calc: C31 H34 N 2 O4 (498.63) fnd.: [M+1] 499.3 

24. 2-{1-[4-((4aR,10bR)-8,9-Dimethoxy-1,2,3A4a,10b-hexahydrophenanthridin-6-yl)-phenyll 
ethylideneaminooxy}-1-morpholin-4-yl-ethanone 

MS: calc: C^ Has N 3 O s (505,62) fnd.: [M+1] 506,3 

25. i-[3^(4aR,10bR)-8 > 9-Dimethoxy-1^,3,4/4a,10b-hexahydrophenanthridin-6-yl)-phenyll- 
ethanone oxime 

MS: calc: Ca H2e N 2 Q 3 (378,48) fnd.: [M+1] 379,4 
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28. 1-[3^(4aR,10bR)-8,94>lmethoxy^ 
phenyl-methanone oxlme 

MS: calc: Cm H 28 N 2 O a (440.55) fnd.: [M+1] 441 ,3 

27. 1-[3-tf4aR,10bR)-8,9-Dlmethoxy-1 ,2,3,4,4a,1 0b~hexahydrophenanthrldln-6-yl)-phenyl]- 
ethanono O-benzyloxIme 

MS: calc: C30 H32 N 2 O3 (468,6) fnd.: [M+1] 469,2 

28. 1-[3-<(4aR,10bR)4,94DImethoxy-1,2,3,4^a^ 
ethanono O-methyloxIme 

MS: calc: H 28 N 2 0 3 (392,5) fnd.: [M+1] 393,2 

29. 1^3^(4aR,10bR)^,9-DImethoxy-1,2 l 3,4,4a # 10b-hexahydrophenanthridin-6-yl)-phenyn- 
ethanono 0-<4-ch!oro-benzyl)oxime 

MS: calc: C30 H31 CI N 2 0 3 (503,05) fnd.: [M+1] 503,2 

30. H3-((4aR,10bR)^ l 9-DImGthoxy-1,2,3 f 4,4a l 10b-hexahydrophenanthrldin-6-yl).phenyl]- 
ethanono 0-(4-methoxy-benzyl)oxlme 

MS: calc: C 31 N 2 O4 (498,63) fnd.: [M+1] 499,2 

31 . 2-{1 -[3-<(4aR,1 0bR)-8,9-Df methoxy-1 ,2,3,4,4a,1 Ob-hexahydrophenanthrld In-6-yl)-pheny I]- 
ethylldeneamlnooxyH-morpholin-4-yI-ethanone 

MS: calc: C29 N 3 O s (505,62) fnd.: [M+1] 506,2 

32. 1 -[3-<(4aR,1 0bR)-8,9-Dimethoxy-1 ,2,3,4,48,1 Ob-hexahyd rophenanthridln-6-yl)-pheny !]- 
ethanone 0-(4-nltro-benzyl)-oxlme 

MS: calc: C30 H31 N3 OS (513,6) fnd.: [M+1] 514,2 



33. - 

MS: 



1-[3-<(4aR I 10bR)-8 ) 9-Dimethoxy-1 l 2,3,4,4a,10b-hexahydrophenanthridln-G-yl)-phenyr|- 
ethanone O-ethyloxime 

calc: Cas H30 N 2 0 3 (406,53) fnd.: [M+1] 407,2 
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36. 4^1-t3-((4alVI0bR).8,0-Dlmetho^ 
ethylideneamlnooxymethyQ-benzoleacldmethylester 

MS: calc: Cm H M N 2 O s (526.84) fnd.: [M+1] 527,2 

37. 2^1-I3-((4aR,10bR)-8,9-0lmothoxy-1,2^/t^la,10b-hexahydrophenanthridln-6-yl)-phenyIl- 
ethylldeneaminooxyH-<4-Phenyl-plperazln-1-yl)-othanone 

MS: calc: C M H40 N 4 0 4 (580.73) fnd.: [M+1] 581,3 

38. 2-{1-{3-((4aR,10bR)-8,9-Dlmethoxy-1,2,3,4^a,10b-hexahydrophenanthrldln-6-yl)-phonyl]- 
ethylldeneamlnooxy)-N-(2-mothoxy-phenyl)-acotamlde 

MS: calc: C M ^^0,(541 .65) fnd.: [M+1] 542.3 

39. N-(4-Chloro-l>enzyl)-2.{1.tM(4aR^^^ 
phenanthridln^-ylH>henyl]-ethylldeneamlnooxy}-acetamlde 

MS: calc: C3 2 H34 CI N 3 0 4 (560.1 ) fnd.: IM+1] 560,3 

40. 1-J3-((4aR,10bR)-8,9-Dlmothoxy-1,2,3,4^,10b-hexahydrophonanthrldln-6-yl)-phenyll- 
ethanone 0-<3-chloro-benzyl)-oxlm© 

MS: calc: C M H 31 CI N 2 0 3 (503.05) fnd.: [M+1] 503,2 

41. l-p-((4aR,10bR)-8,9-Dlmethoxy-1A3^l^a,10b-hexahydrophenanthrldln-6-yl)-phonyll- 
ethanone 0-(3-trlfluoromethyl-benzyl)-oxime 

MS: calc: Ca, H31 F 3 N 2 0 3 (536,6) fnd.: [M+1] 537.2 

42. i-l3-((4aR,10bR)-8,9-DImethoxy-1,2,3,4,4a,10b-hexahydrophenanthridln-6-yl)-ph©nyll- 
ethanone 0-(3-methoxy-benzyl)-oxime 

MS: calc: C 3 , H34 N 2 O4 (498,63) fnd.: [M+1] 499.2 

43. 1-[3-((4aR,10bR)-8,9-Dlmethoxy-1A3A4a,10b-hexahydrophenanthridln-6-yl)-phenyll- 
ethanone 0-(4-fiuoro-benzyl)-oxime 

MS: calc: Cao H 31 F N 2 O3 (486.59) fnd.: [M+1] 487,2 

44. 1-[3-((4aR,10bR)-8,9-Dimethoxy-1,2,3,4^a,10b-hexahydrophenanthrldIn-6-yl)-phenya- 
ethanone 0-(3-fluoro-benzyl)-oxime 

MS: calc: Cm H 3t F N 2 O a (486,59) fnd.: [M+1] 487,2 
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48. 1-[3-<(4aR,10bR)-8,9-Dlmethoxy-1,2,3 > 4 f 4a,10b-hexahydrophenanthrldln-6-yl)-phenyl]- 
ethanone 0-(2-chlorobenzyl)-oxIme 

MS: calc: C30 H 31 CI N 2 0 3 (503,05) fnd.: [M+1J 503,2 

46. 1-[3-((4aR t 10bRH.9-Oimethoxy-1,2,3 / 4/ta,10b-hexahydrophenantliridln-6-yl)-phenyq- 
ethanone 0-(2-phenoxyethyl)-oxime 

MS: calc: C31 H 34 N 2 O4 (498,63) fnd.: [M+1] 409,7 

47. 1-[3-<(4aR I 10bR)-8,9-Dlmethoxy-1 ( 2,3^ ( 4a,10b-hexahydro-phenanthrldln-6-yl)-phenyl]- 
ethanone 0-{2-(3-trlfluoromethyl-phenoxy)-«thyl]-oxlme 

MS: calc: C M H M F 3 N 2 0 4 (566,63) fnd.: [M+1] 567,2 



48. 1-[3-((4aR,10bR)-8,9-Dlmethoxy-1,2,3A4a > 10b-hexahydrophenanthridin-6-yl)-phenyq- 
ethanone 0-{4-trffluoromethylbenzyl)-oxlme 

MS: calc: Ca, H 31 F 3 N 2 O a (536,6) fnd.: [M+1] 537,2 
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Starting compounds: 

A1. (4aR,10bR)^3-DImethoxy^-(4^eotophdnyl)-1A3*4^,10b-hexahydrophonanthridine 

Compound A1 is prepared from N-[(1R,2R)-2^3,4-dimemoxyphenyl)cydohexyQ-4-acetobenzarnlde 
(compound B1) analogously as described In Example A2. 
EF: Cjs H M N O3; MW: 383.46 

Elemental analysis: calc: C 76.01 H 6.93 N 3.85 

fnd: C 75.77 H 6.98 N 3.82 

Optical rotation: [a] D - -97.4° (c=0.2, ethanol) 

A2. (4aR,10bR)-8,9-Dlmethoxy-6-(4-benioylphenyl)-1,2,3,4,4a,10b-hexahydrophenanthrldlne 

7.1 g of N-[(1R,2R)-2-(3.4-dimethoxyphenyl)cyclohexyll-4-benK>yibenzamlde (compound B2) are dis- 
solved In 100 ml of acetonitrile and 5.0 ml of phosphoryi chloride and stirred overnight at 80 e C. The 
reaction mixture is concentrated under reduced pressure and the residue is extracted with satd. sodium 
hydrogencarbonate solution and ethyl acetate. After chromatography on silica gel using petroleum ether 
(lowVethyl acetate/triethylamine in the ratio 6/3/1 and concentration of the product fractions, 5.3 g of the 
title compound are obtained. 
EF: Cas H27 N Oa; MW: 425.53 

Elemental analysis x 0.08 H 2 0: calc: C 78.77 H 6.41 N 3.28 

fnd : C 78.55 H 6.64 N 3.50 

Optical rotation: [a] D - -70.6° (c=0.2, ethanol) 

A3. (4aR,10bR)-8,9-Dlmethoxy-6-(3-acetophenylH,2,3A4a,10b-hexahydrophenanthridine 

Compound A3 Is prepared from N-[(1R,2R)-2-(3,4-dimethoxyphenyl)cyclohexyl]-3-acetobenzamlde 

(compound B3) analogously as described in Example A2. 

M. p.112.5-114°C 

EF: C23 H 25 N 0 3 ; MW: 363.46 

Elemental analysis: calc: C 76.01 H 6.93 N 3.85 

fnd.: C 75.62 H 6.90 N 3.83 

Optical rotation: [a] D = -168.7* (c=0.2, ethanol) 



A4. (4aR,10bR)-8,9-Dlmethoxy-6-(3-benzoylphenyl)-1^,3,4,4a,10b-hexahydrophenanthrldlne 

Compound A4 is prepared from N-[(1R,2R)-2-(3,4-dimethoxyphenyl)cyclohexyll-3-benzoylbenzamlde 
(compound B4) analogously as described in Example A2. 
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EF: C20 H27N 0 3 ; MW: 425.53 

Elemental analysis x 0.15 H 2 0: calc.: C 78.54 H6.43 N3.27 

fnd : C 78.39 H 8.58 N 3.40 

Optical rotation: [a] D = -98.8° (c=0.2, ethanol) 

B1 . N-((1 R,2R)-2-(3/»-Dimethoxyphenyl)cyclohexyq-4-acetobenzamlde 

Compound B1 is prepared from (1R,2R)-2-(3,4-dlmethoxyphenyl)cyclohexylamine (compound C1) 
analogously as described In Example B2. 
M.p.: 129-137 e C 

Optical rotation: [a] D = -180.4° (c=0.2, ethanol) 

B2. N-{(1R,2R)-2-<3 > 4-Oimethoxyphenyl)cyclohexyl]-4-benzoylbenzamide 

4.0 g of (1R,2R)-2-(3.4-dimethoxyphenyl)cyclohexylamine (compound C1) are dissolved in 40 ml of 
methylene chloride and 10.0 ml of triethylamine. A solution of 4.9 g pf benzophenone-4-carbonyl chlo- 
ride in 100 ml of methylene chloride is added dropwise at RT and the mixture is extracted, after stirring 
overnight, with 50 ml each of water, 2N hydrochloric acid, satd sodium hydrogencarbonate solution and 
water again. The organic phase is dried using sodium sulfate and concentrated. 7.78 g of the title com- 
pound are obtained as a crystallizing oil. 
M.p.: 119-122.5°C 
Optical rotation: [a] D = -1 51 .7* (c=0.2, ethanol) " 

B3. N-R1 R,2R)-2-(3,4-Dimethoxy pheny IJcyclohexy l]-3-acetobenzamide 

Compound B3 is prepared from compound C1 analogously as described in Example B2. 
Solidifying oil. 

Optical Rotation: [a] D = -127 .1° (c=0.2, ethanol) 

B4. N-[(1R,2R)-2-(3,4-Dimethoxyphenyl)cyclohexyl]-3-benzoylbenzamide 

Compound B4 is prepared from compound C1 analogously as'desccihecLin Example B2_ 
Oil. 



Optical rotation: 



[a] = -162.fi 0 (c=Q.2, ethane!) 
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C1. (1R^R)-2-<3«4-Olmethoxyphenyl)-cyclohexylamlne 

12.0 g of a racemlc mixture of (1 R,2R)-2-(3.4-dlmethoxyphenyl>cyclohexylamlne and (1S,2S)-2-(3,4- 
dlmethoxyphenyl)-cyclohexylamlne (compound D1) and 6.2 g of (-)-mandelic acid are dissolved In 
420 ml of dloxane and 60 ml of tetrahydrofUran and the solution Is stirred overnight at RT. The solid Is 
filtered off with suction, dried, treated with 100 ml of saturated sodium hydrogencarbonate solution and 
extracted with ethyl acetate. The organic phase Is dried using sodium sulfate and concentrated under 
reduced pressure. 4.8 g of the title compound are obtained of m.p.: 80-81 .5'C. 
Specific rotation: [a] D = -58.5'C (c = 1. ethanol). 

D1. Racemlc mixture of (1R,2R)-2-<3^-dlmothoxyphenyl)-cyclohexylamlne and) (1S,2S)-2-(3,4- 
dlmethoxyphenyl)-cyclohexylamlne 

125 g of a racemlc mixture of 1,2-dlmethoxy-4-((1R,2R)-2-nitrocycl6he)cyl)ben2ene and 1,2-dimethoxy- 
4-((1S,2S)-2-nitrocyclohexyl)benzene (compound E1) and 120 g of zinc powder or granules are sus- 
pended In 1300 ml of ethanol. 220 ml of acetic acid are added dropwise at boiling heat. The precipitate 
is filtered off with suction and washed with ethanol. and the filtrate Is concentrated under reduced pres- 
sure. The residue is taken up In hydrochloric acid and extracted with toluene. The aqueous phase is 
rendered alkaline using 50% strength sodium hydroxide solution, the precipitate Is filtered off with suc- 
tion and the filtrate is extracted with toluene. The organic phase is dried using sodium sulfate and con- 
centrated. 98 g of the title compound are obtained as a crystallizing oil. 

Alternatively: 

8.5 g of a racemlc mixture of 1 ,2-dimethoxy-4-((1 R,2R)-2-nitrocyclohexyl)benzene and 1 ,2-dimethoxy- 
4-((1S,2S)-2-nitrocydohexyl)benzene (compound E1 ) are dissolved in 400 ml of methanol and treated , 
at RT with 7 ml of hydrazine hydrate and 2.5 g of Raney nickel in portions in the course of 8 h. After 
stirring overnight at RT, the reaction mixture is filtered, the filtrate is concentrated and the residue is 
chromatographed on silica gel using a mixture of toluene/ethyl acetate/triethylamine = 4/2/0.5. The title 
compound is obtained as an oil. 

E1. Racemlc mixture of 1,2-dlmethoxy-4-((1R^R)-2-nltrocyclohexyl)benzene and 1,2- 
dimethoxy-4-((1S,2S)-2-nitrocyclohexyl)benzene 

8.4 g of a racemlc mixture of 1 ,2-dlmethoxy-4-((1 R,2R)-2-nitrocyclohex-4-enyl)benzene and 1 ,2- 
dimethoxy-4-((1S,2S)-2-nitrocyclohex-4-enyl)benzene (compound F1) are dissolved in 450 ml of 
methanol, treated with 2 ml of cone, hydrochloric acid and hydrogenated after addition of 500 mg of 
10% strength Pd/C. The reaction mixture is filtered and the filtrate is concentrated. M.p.: 84-86.5°C. 

F1 . Racemlc mixture of 1 ,2-dimethoxy-4-((1 R,2R)-2-nltrocyclohex-4-enyl)benzene and 1 ,2- 
dimethoxy-4-((1 S,2S)-2-nltrocy clohex-4-eny l)benzene 

10.0 g of a racemlc mixture of 1,2-dimethoxy-4-((1R,2S)-2-nitrocyclohex-4-enyl)benzene and 1,2- 
dimethoxy-4-((1S,2R)-2-nitrocyclohex-4-enyl)benzene (compound G1) and 20.0 g of potassium hydrox- 
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Ide are dissolved in 150 ml of ethanol and 35 ml of dimethylformamlde. A solution of 17.5 ml of cone, 
sulfuric acid In 60 ml of ethanol is than added dropwlse such that the Internal temperature does not 
exceed 4°C. After stirring for 1 h, the mixture is added to 1 1 of ice water, the precipitate is filtered off 
with suction, washed with water and dried, and the crude product is recrystallized from ethanol. 8.6 g of 
the title compound of m .p.' 82.5-84°C are obtained. 

G1. Racemlc mixture of 1.2-dlmethoxy^(1R,2S)-2-nitrocyclohex-4-enyl)benzene and 1,2- 
dlmethoxy-4-((13,2R>-2^iltrocyclohex-4-enyl)benzene 

50.0 g of 3.4-dimethoxy-co-nltrostyrene (compound H1) and 1 .0 g (0.1 mmol) of hydroqulnone are sus- 
pended In 200 ml of abs. toluene and treated at -70'C with 55.0 g (1 .02 mol) of liquid 1 ,3-butadlene. 
The mixture is stirred at 160«C for 6 days In an autoclave and then cooled. Some of the solvent is re- 
moved on a rotary evaporator, and the resulting precipitate Is filtered off with suction and recrystallized 
in ethanol. M.p.: 11 3.5-1 15.5'C. 



H1. 3,4-Dimethoxy-<D-nitrostyrene 

207.0 g of 3.4-dlmethoxybenzaldehyde, 100.0 g of ammonium acetate and 125 ml of nitromethane are 
heated to boiling for 3-4 h in 1 .0 1 of glacial acetic acid. After cooling in an ice bath, the precipitate is 
filtered off with suction, rinsed with glacial acetic acid and petroleum ether and dried. M.p.: 140-141°C 
Yield: 179.0 g. 
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SammflEsinl 

The compounds according to the Invention have useful pharmacological properties which make them 
Industrially utllbable. As selective cyclic nucleotide phosphodiesterase (PDE) Inhibitors (specifically of 
type 4). they are suitable on the one hand as bronchial therapeutics (for the treatment of airway ob- 
structions on account of their dilating action but also on account of their respiratory rate- or respiratory 
drive-Increasing action) and for the removal of erectile dysfunction on account of their vascular dilating 
action, but on the other hand especially for the treatment of disorders. In particular of an Inflammatory 
nature, e.g. of the airways (asthma prophylaxis), of the skin, of the Intestine, of the eyes, of the CNS 
and of the joints, which are mediated by mediators such as histamine, PAF (platelet-activating factor), 
arachldonlc acid derivatives such as leukotrienes and prostaglandins, cytokines, interleuklns, chemoki- 
nes, alpha-, beta- and gamma-interferon, tumor necrosis factor (TNF) or oxygen free radicals and pro- 
teases. In this context, the compounds according to the invention are distinguished by a low toxicity, a 
good enteral absorption (high bioavailability), a large therapeutic breadth and the absence of significant 
side effects. 

On account of their PDE-inhibiting properties, the compounds according to the invention can be em- 
ployed In human and veterinary medicine as therapeutics, where they can be used, for example, for the 
treatment and prophylaxis of the following illnesses: acute and chronic (in particular inflammatory and 
allergen-induced) airway disorders of varying origin (bronchitis, allergic bronchitis, bronchial asthma, 
emphysema, COPD); dermatoses (especially of proliferative, inflammatory and allergic type) such as 
psoriasis (vulgaris), toxic and allergic contact eczema, atopic eczema, seborrhoelc eczema, Lichen 
simplex, sunburn, pruritus in the anogenital area, alopecia areata, hypertrophic scars, discoid, lupus 
erythematosus, follicular and widespread pyodermias. endogenous and exogenous acne, acne rosacea 
and other proliferative, inflammatory and allergic skin disorders; disorders which are based on an ex- 
cessive release of TNF and leukotrienes, for example disorders of. the arthritis type (rheumatoid arthri- 
tis, rheumatoid spondylitis, osteoarthritis and other arthritic conditions), disorders of the immune system 
(AIDS, multiple sclerosis), graft versus host reaction, allograft rejections, types of shock (septic shock, 
endotoxin shock, gram-negative sepsis, toxic shock syndrome and ARDS (adult respiratory distress 
syndrome)) and also generalized inflammations in the gastrointestinal region (Crohn's disease and 
ulcerative colitis); disorders which are based on allergic and/or chronic, immunological false reactions in 
the region of the upper airways (pharynx, nose) and the adjacent regions (paranasal sinuses, eyes), 
such as allergic rhinitis/sinusitis, chronic rhinitis/sinusitis, allergic conjunctivitis and also nasal polyps; 
but also disorders of the heart which can be treated by PDE inhibitors, such as cardiac insufficiency, or 
disorders which can be treated on account of the tissue-relaxant action of the PDE inhibitors, such as, 
for example, erectile dysfunction or colics of the kidneys and of the ureters in connection with kidney 
stones. In addition, the compounds of the invention are useful in the treatment of diabetes insipidus and 
conditions associated with cerebral metabolic inhibition, such as cerebral senility, senile dementia (Alz- 
heimer's disease), memory impairment associated with Parkinson's disease or multiinfarct dementia; 
and 'also illnesses of the central nervous system, such as depressions or arteriosclerotic dementia. 
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The Invention further relates to a method for the treatment of mammals, Including humans, which are 
suffering from one of the above mentioned illnesses. The method Is characterized In that a therapeuti- 
cally active and pharmacologically effective and tolerable amount of one or more of the compounds 
according to the Invention Is administered to the ill mammal. 

The Invention further relates to the compounds according to the invention for use In the treatment 
and/or prophylaxis of illnesses, especially the illnesses mentioned. 

The invention also relates to the use of the compounds according to the invention for the production of 
pharmaceutical compositions which are employed for the treatment and/or prophylaxis of the illnesses 
mentioned. 

The invention furthermore relates to pharmaceutical compositions for the treatment and/or prophylaxis 
of the illnesses mentioned, which contain one or more of the compounds according to the Invention. 

Additionally, the invention relates to an article of manufacture, which comprises packaging material and 
a pharmaceutical agent contained within said packaging material, wherein the pharmaceutical agent is 
therapeutically effective for antagonizing the effects of the cyclic nucleotide phosphodiesterase of type 4 
(PDE4), ameliorating the symptoms of an PDE4-mediated disorder, and wherein the packaging mate- 
rial comprises a label or package Insert which indicates that the pharmaceutical agent is useful for pre- 
venting or treating PDE4-mediated disorders, and wherein said pharmaceutical agent comprises one or 
more compounds of formula 1 according to the Invention. The packaging material, label and package 
Insert otherwise parallel or resemble what Is generally regarded as standard packaging material, labels 
and package inserts for pharmaceuticals having related utilities. 

The pharmaceutical compositions are prepared by processes which are known per se and familiar to 
the person skilled in the art. As pharmaceutical compositions, the compounds according to the inven- 
tion (= active compounds) are either employed as such, or preferably in combination with suitable phar- 
maceutical auxiliaries and/or excipients, e.g. in the form of tablets, coated tablets, capsules, caplets, 
suppositories, patches (e.g. as TTS), emulsions, suspensions, gels or solutions, the active compound 
content ariynntegeGusly being between 0.1 and 95% and where, by the apcroDriata choice of ths auxil- 
iaries snd/or excipisnis, a phcrmcccuiica! sdminictrstiorrfornrYe.g. 2 dateva:! riisasa fercn cy an enrarnr* 
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The administration of the pharmaceutical compositions according to the Invention may be performed In 
any of the generally accepted modes of administration available in the art. Illustrative examples of suit- 
able modes of administration include Intravenous, oral, nasal, parenteral, topical, transdermal and rectal 
delivery. Oral delivery is preferred. 

For the treatment of disorders of the respiratory tract, the compounds according to the invention are 
preferably also administered by inhalation in the form of an aerosol; the aerosol particles of solid, liquid 
or mixed composition preferably having a diameter of 0.5 to 10 pm, advantageously of 2 to 6 pm. 

Aerosol generation can be carried out, for example, by pressure-driven jet atomizers or ultrasonic atom- 
izers, but advantageously by propellant-drlven metered aerosols or propellant-free administration of 
micronlzed active compounds from Inhalation capsules. 

Depending on the inhaler system used, in addition to the active compounds the administration forms 
additionally contain the required exclpients, such as, for example, propellants (e.g. Frigen in the case of 
metered aerosols), surface-active substances, emulsifiers, stabilizers, preservatives, flavorings, fillers 
(e.g. lactose In the case of powder inhalers) or, if appropriate, further active compounds. 

For the purposes of inhalation, a large number of apparatuses are available with which aerosols of op- 
timum particle size can be generated and administered, using an Inhalation technique which is as right 
as possible for the patient, in addition to the use of adaptors (spacers, expanders) and pear-shaped 
containers (e.g. Nebulator®, Volumatlc®), and automatic devices emitting a puffer spray (Autoha1er<S>), 
for metered aerosols, In particular in the case of powder inhalers, a number of technical solutions are • 
available (e.g. Dlskhaler®, Rotadisk®, Turbohaler® or the inhaler described in European Patent Appli- 
cation EP 0 505 321), using which an optimal administration of active compound can be achieved. 

For the treatment of dermatoses, the compounds according to the invention are in particular administe- 
red In the form of those pharmaceutical compositions which are suitable for topical application. For the 
production of the pharmaceutical compositions, the compounds according to the invention (= active 
compounds) are preferably mixed with suitable pharmaceutical auxiliaries and further processed to give 
suitable pharmaceutical formulations. Suitable pharmaceutical formulations are, for example, powders, 
emulsions, suspensions, sprays, oils, ointments, fatty ointments, creams, pastes, gels or solutions. 

The pharmaceutical compositions according to the invention are prepared by processes known per se. 
The dosage of the active compounds is carried out in the order of magnitude customary for PDE inhibi- 
tors. Topical application forms (such as ointments) for the treatment of dermatoses thus contain the 
active compounds in a concentration of, for example, 0.1-99%. The dose for administration by inhala- 
tion is customarly between 0.1 and 3 mg per day. The customary dose in the case of systemic therapy 
(p.o. or i.v.) is between 0.03 and 3 mg/kg per day. 
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Biatefllsil tayaaflflflltena 

The second messenger cyclic AMP (cAMP) Is well-known for Inhibiting Inflammatory and Immunocom- 
petent cells. The PDE4 Isoenzyme Is broadly expressed In cells involved In the Initiation and propaga- 
tion of Inflammatory diseases (H Tenor and C Schudt, In .Phosphodiesterase Inhibitors - , 21-40, .The 
Handbook of Immunopharmacolog/, Academic Press, 1996), and its inhibition leads to an Increase of 
the intracellular cAMP concentration and thus to the inhibition of cellular activation (JE Souness et al., 
Immunopharmacology 47: 127-162, 2000). 

The antiinflammatory potential of PDE4 inhibitors in vivo In various animal models has been described 
(MM Teixeira, TIPS 18: 164-170, 1997). For the investigation of PDE4 Inhibition on the cellular level (in 
vitro), a large variety of proinflammatory responses can be measured. Examples are the superoxide 
production of neutrophilic (C Schudt et al., Arch Pharmacol 344: 682-690, 1991 ) or eosinophilic (A 
Hatzelmann et al., Brit J Pharmacol 114: 821-831, 1995) granulocytes, which can be measured as lu- 
minol-enhanced chemiluminescence, or the synthesis of tumor necrosis factor-a in monocytes, macro- 
phages or dendritic cells (Gantner et al., Brit J Pharmacol 121 : 221-231 , 1997, and Pulmonary Pharma- 
col Therap 12: 377-386, 1999). In addition, the immunomodulatory potential of PDE4' inhibitors Is evi- 
dent from the inhibition of T-cell responses like cytokine synthesis or proliferation (DM Essayan, Bio- 
chem Pharmacol 57: 965-973, 1999). Substances which Inhibit the secretion of the afore-mentioned 
proinflammatory mediators are those which inhibit PDE4. PDE4 inhibition by the compounds according 
to the Invention is thus a central Indicator for the suppression of inflammatory processes. 

Method fo r measuring Inhibition of PDE4 activity 

PDE4 activity was determined as described by Thompson et al. (Adv Cycl Nucl Res 10: 69-92, 1979) 
with some modifications (Bauer and Schwabe, Naunyn-Schmiedeberg's Arch Pharmacol 311: 193-198, 
1980). At a final assay volume of 200 \i\ (96well microtiter plates) the assay mixture contained 20 mM 
Tris (pH 7.4), 5 mM MgCI 2 , 0.5 pM cAMP, [ 3 H]cAMP (about 30,000 cpm/assay), the test compound and 
an aliquot of cytosol from human neutrophils which mainly contains PDE4 activity as described by 
Schudt et aL (Naunyn-Schmiedeberg's Arch Pharmacol 344: 682-690, 1991); the PDE3-specfflc inhibi- 
tor Motapizene (1 uM) was included to suppress FDE3 activity oriclrrstin g from co ntami nating platelets. 
Ssrisl dilution? of the compounds ivara prcpsrslin DMSO ar.cl Furihsr dlut-zd i:i0u r'v/v'i Irrilrrisssr3 
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volume). The columns were eluted with 2 ml of 30 mM ammonium formlate (pH 6.0) and the eluate was 
counted for radioactivity. Results were corrected for blank values (measured In the presence of dena- 
tured protein) which were below 5 % of total radioactivity. The amount of cyclic nucleotides hydrotyzed 
did not exceed 30 % of the original substrate concentration. The IC90 -values for the compounds accord- 
ing to the Invention for the Inhibition of the PDE4 activity were determined from the concentration- 
inhibition curves by nonlinear-regression. 

The inhibitory values determined for the compounds according to the invention follow from the following 
table A, In which the numbers of the compounds correspond to the numbers of the examples. 

Table A 
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Patent Cta'ma 

1 . Compounds of the formula I, 




R7 



In which 

R1 Is hydroxy!, 1-4C-alkoxy, 3-7C-cydoalkoxy, 3-7C-cycloalkylmethoxy or completely 
or predominantly fluorine-substituted 1-4C-alkoxy, 

R2 Is hydroxyl, 1 -4C-alkoxy, 3-7C-cycloalkoxy. 3-7C-cycloalkylmethoxy or completely or predomi- 
nantly fluorine-substituted 1 -4C-alkoxy, 

or In which R1 and R2 together are a 1 -2C-alkylenedioxy group, 

R3 is hydrogen or 1 -4C-alkyl, 

R31 Is hydrogen or 1 -4C-alkyl, 

or in which R3 and R31 together are a 1-4C-alkylene group, 
R4 is hydrogen or 1-4C-alky1, 
R5 Is hydrogen, 
R51 is hydrogen, 

or In which R5 and R51 together represent an additional bond, 

R6 Is hydrogen, halogen, nltro, 1-4C-alkyl, trifluoromethyl or 1-4C-alkoxy, 

R7 is 1-4C-alkyl. 3-7C-cycloalkyl, 3-7C-cycloalkylmethyl, pyridinyl, phenyl or R71- and/or R72- 

substituted phenyl, wherein 
R71 is halogen, hydroxyl, cyano, trifluoromethyl, carboxyl, nitro, 1-4C-alkyl or 1-4C-alkoxy, 
R72 is 1-4C-a1koxy, 1-4C-alkyl or halogen, 

R8 is hydrogen, phenyl, 1-4C-alkyl, aryloxy-2-4C-alkyl or R9-substituted 1-4C-alkyl, wherein 
aryloxy is phenoxy or R81 -substituted phenoxy, wherein 
R81 is halogen or trifluoromethyl, 

R9 is phenyl, C(0)N(R91 )R92 or R93-substituted phenyl, wherein 
R91 is phenyl, aryl-1 -4C-alkyl or R91 1 -substituted phenyl, wherein 
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aryl Is phenyl or R81 -substituted phenyl, 

R91 1 Is 1-4C-alkoxy or completely or predominantly fluorine-substituted 1-4C-alkoxy, 
R92 Is hydrogen, 

or wherein R91 and R92, together and including the nitrogen atom to which both are bound, represent a 
1 -pyrrolidine, 1-plperldinyl, 1-piperazinyl, 4-methylpiperazln-1-yl, 4-phenylpiperazin-1-yl, 1- 
hexahydroazepinyl or 4-morphollnyl radical, 

R93 is nitro. 1-4C-alkyl, 1-4C-alkoxycarbonyl, halogen, trlfluoromethyl, 1-4C-alkoxy or completely or 
predominantly fluorine-substituted 1-4C-alkoxy, 

and the salts and the E/Z Isomers of these compounds. 

2. Compounds of the formula I as claimed in claim 1 , in which 

R1 Is 1-2C-alkoxy, 3-5G*ycloalkoxy, 3-5C-cycloalkylmethoxy or completely 
or predominantly fluorine-substituted 1-2C-alkoxy, 

R2 is 1-2C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy or completely or predominantly fluo- 
rine-substituted 1-2C-alkoxy, 

R3 is hydrogen, 

R31 Is hydrogen, 

R4 is hydrogen or 1 -2C-alkyl, 

R5 Is hydrogen, 

R51 Is hydrogen, 

or in which R5 and R51 together represent an additional bond, 

R6 is hydrogen, 

R7 is 1-4C-alkyl or phenyl, 

R8 is hydrogen, phenyl, 1-4C-alkyl, aryloxy-2-4C-alkyl or R9-substituted 1-2C-alkyl, wherein 
aryloxy is phenoxy or R81 -substituted phenoxy, wherein 
R81 Is halogen or trifluoromethyl, 

R9 is phenyl, C(0)N(R91 )R92 or R93-substituted phenyl, wherein 
R91 is aryl-1 -2C-alkyl or R91 1-substituted phenyl, wherein 
aryl is phenyl or R81 -substituted phenyl, 

R91 1 is 1 -4C-alkoxy or completely or predominantly fluorine-substituted 1 -2C-alkoxy, 
R92" is hydrogen, 

or wherein R91 and R92, together and indudinc ths nitrogen stem to which both are bound, represent a 
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R3. R31, R4, R5 and R51 are hydrogen. 

R6 Is hydrogen, 

R7 Is 1-2C-alkyl or phenyl, 

R8 Is hydrogen, phenyl, methyl, ethyl, Isobutyl, aryloxyethyl or R9-substltuted methyl, wherein 
aryloxy Is phenoxy or R81 -substituted phenoxy, wherein 
R81 is trifluoromethyl, 

R9 is phenyl, C(0)N(R91 )R92 or R93-substituted phenyl, wherein 
R91 is arytmethyl or R91 1 -substituted phenyl, wherein 
aryl is chlorine-substituted phenyl, 
R911 is methoxy, 
R92 is hydrogen, 

or wherein R91 and R92, together and Including the nitrogen atom to which both are bound, represent a 

4-phenytpiperazin-1-yl or 4-morpholinyl radical, 
R93 is nitro, methoxycarbonyl, chloro, fluoro, trifluoromethyl or methoxy, 
and the salts and the E/Z isomers of these compounds. 



4. Compounds of the formula I as claimed in claim 1 , in which 
either 

R1 is methoxy, 
R2 is methoxy, 

R3, R31 f R4, R5 and R51 are hydrogen, 
R6 is hydrogen, 
R7 Is methyl, 

R8 is hydrogen, phenyl, methyl, ethyl, isobutyl, phenoxyethyl, 3-trifluoromethylphenoxyethyl or R9- 

substituted methyl, wherein 
R9 is phenyl, 4-nitrophenyl, 4-methoxycarbonylphenyl, 4-chlorophenyl, 3-chlorophenyl, 2- 

chlorophenyl, 4-fluorophenyl, 3-fluorophenyl, 4-trifluoromethyIphenyl, 3-trifluoromethylphenyl, 4- 

methoxyphenyl, 2-methoxyphenyl or C(0)N(R91 )R92, wherein 
R91 is 2-methoxyphenyl or 4-chlorobenzyl, 
R92 is hydrogen, 

or wherein R91 and R92, together and including the nitrogen atom to which both are bound, represent a 
4-pheny1piperazin-1 -yl or 4-morpholinyl radical; 

or 

R1 is methoxy, 
R2 is methoxy, 

R3, R31 , R4, R5 and R51 are hydrogen, 
R6 is hydrogen, 
R7 is phenyl, 
R8 is hydrogen; 

and the salts and the E/Z isomers of these compounds. 
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7. Compounds of the formula I according to either claim 1 , 2, 3 or 4 In which the hydrogen atoms 
In positions 4a and 10b are In the els position relative to one another, and the salts and the EfZ Isomers 
of these compounds. 

8. Compounds of the formula I according to either claim 1 , 2, 3 or 4 which have with respect to the 
positions 4a and 10b the configuration shown in formula I*: 




R7 



and the salts and the E/Z isomers of these compounds. 

9. A compound of the formula I as claimed in claim 1 for use in the treatment or prevention of 
diseases. 

10. A pharmaceutical composition comprising one.or more compounds of the formula I as claimed 
in claim 1 together with customary pharmaceutical excipients and/or vehicles. 

11. The use of compounds of the formula I as claimed in claim 1 and/or their pharmacologically 
acceptable salts for the production of pharmaceutical compositions for treating or preventing respiratory 
disorders and/or dermatoses. 

12. A method for treating illnesses in a patient comprising administering to said patient a therapeu- 
tically effective amount of a compound of the formula I as claimed in claim 1 . 

i 3. A method for Its sting sinvay disorders in s psttent eo mcr i r glng sdrninirterirra-to ssi A psfent a 
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Compounds of a certain formula I, In which R1, R2. R3. R31. R4, R5. R51 , R6, R7 and R8 have the 
meanings Indicated In the description, are novel effective PDE4 inhibitors. 
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